The distribution of pelagic elasmobranchs was analyzed using bycatch data from the high seas salmon surveys by research gillnets from 1981 to 1991 in the North Pacific Ocean and the Bering Sea. Five species of sharks and one stingray were reported. Blue and salmon sharks and spiny dogfish were dominant and constituted 98% of the total shark catch. It is considered that the research area includes the southern part of the distribution for spiny dogfish and salmon sharks and the northern part of that for blue, shortfin mako, cookiecutter sharks and pelagic stingrays. These elasmobranchs showed spa tial segregation by species in distribution according to oceanographic conditions. Intraspecific sexual and growth dependent segregations were also confirmed. Length frequency distributions of blue and salmon sharks suggest that their nursery grounds exist around the transitional domain of the subarctic boundary.
The Japanese high-seas salmon fishery ceased in 1992 af ter some 40 years of industrial fishing from 1952 because of international concern about the impact of this fishery upon the oceanic ecosystem.
The Fisheries Agency of Japan has conducted salmon research for the rational use of salmon stocks for a long time. It also started bycatch research in the 1970 s using several research vessels. Bycatch research data collected by the research vessels of Hokkaido University and chartered vessels for scientific research from 1981 to 1991 were used for the present analy sis. The research area is widely distributed from 35?N 63°N from the northern coast of Japan to the Gulf of Alaska and the Bering Sea.
The spatial distribution and migration of pelagic elas mobranchs are still poorly known, although several sur veys were conducted in the North Pacific Ocean.1-6) Many of those studies partly described their distributions and migrations due to the limitation of research area, season and gear selectivity.
Therefore, more detailed biological and ecological information is necessary for the conserva tion and stock management of pelagic elasmobranchs. This paper describes the distribution of pelagic sharks and rays in the North Pacific, north of the subarctic boundary.
Materials and methods
Sharks were caught using salmon research gillnets and commercial gillnets during the research periods. Salmon research gillnets consisted of 30 tan (tan is a unit of net in Japanese) and were a combination of 10 kinds of geomet ric series mesh size nets from 48-157 mm, while commer cial gillnets used SO to 102 tan with 112-121 mm mesh size. One tan of net is about 50m in length and 7-10m in depth. The gear was set before sun set and retrieved near sun rise. 
Results

Research Period and Season
A total of 2,923 salmon research operations were report ed during 11 years from 1981 to 1991 (Table 1 ). The total research efforts were 320,810 tan and 3,986 sharks and rays were caught during the period. Blue shark catch was the largest, 2,498 in number, salmon shark the second (724), and spiny dogfish the third (667). These three spe cies accounted for 98% of the total shark catch. The sur veys were conducted from April to August but chiefly in June and July, which accounted for 70% of the total oper ations. Salmon sharks and spiny dogfish were caught throughout the season. Blue and shortfin mako sharks were caught from April to July. Few cookiecutter sharks and pelagic stingrays were caught, 7 and 4 each, from June were concentrated to a SST range from 14?-16•Ž, which were recorded from the north of the subarctic boundary in summer. This area is adjacent to a parturition ground sup posed by Blagoderov.11) Therefore, the southern boundary area of their distribution is considered a nursery ground of this species (Fig. 6) .
Blue sharks have a wide range of distribution from the equator to 55?N in the Gulf of Alaska.2,3) The length fre quency distributions by sex and by SST indicate both segre gation by sex and growth patterns reported by previous researchers for large-sized sharks.1,2) Nakano12) made a migration model of blue sharks and indicated their nursery ground is located in the subarctic boundary area. Almost all blue sharks captured in the transitional domain and south of the subarctic boundary consisted of both young and immature sharks. The area where these blue sharks were captured is considered a nursery ground for the young.
The life history of shortfin mako sharks is not well known. The size at birth is about 70 cm in total length and parturition occurs in November off New South Wales, Aus tralia in the South Pacific.13) The small shortfin mako sharks caught by our research were fairly close to this birth size.
Little is known about the life history and distribution of cookiecutter sharks and pelagic stingrays. Cookiecutter sharks inhabit the bathypelagic and epipelagic zones of tropical to subtropical oceans.) Nakano and Tabuchi14) showed their wide occurrence in the central North Pacific and indicated that the northern limit of their distribution is nearly equivalent to the south of the subarctic bound ary. Considering this information, our specimens of cookiecutter sharks were captured at the northern edge of their habitat. Pelagic stingrays are often caught as bycatch of longline fishery of which the fishing ground is further south than our research area.15) Although the distribution of pelagic stingrays is not well known, the locations of pelagic stingrays captured might indicate the northern edge of their habitat.
The subarctic boundary is a huge oceanic front existing between the subtropical and subarctic waters. The areas where epipelagic sharks and rays occurred are classified as follows by the oceanographic description of Dodimead et al.16) Spiny dogfish occurred in the subarctic region only. Salmon sharks were caught in the subarctic region and part of the transitional domain. Blue sharrs were caught along the transitional domain and in the subtropical waters. Shortfin mako sharks appeared south of the subar ctic boundary. Cookiecutter sharks and pelagic stingrays occurred only in the subtropical region. Following these results, it is considered that the research area includes the southern edge of their distribution for spiny dogfish and salmon sharks and the northern distribution limit for blue, shortfin mako, cookiecutter sharks, and pelagic stingrays.
It is interesting that a zone of high CPUEs by species around the transitional domain consists of both nursery grounds for salmon, blue, and mako sharks, and exten sion of the distribution of spiny dogfish (Fig. 6) . It is also noticed that abundant pelagic sharks, such as salmon and blue sharks, have adjoining nursery grounds in the oceanic frontal area. Springer17) noted with reference to the life history of inshore species that habitat segregation of elas mobranchs is adaptation for avoiding predation by large sharks including the same species. Similar segregations are noticed for the offshore species examined in the present study. These nursery grounds are separated from the adult habitats. Adult salmon sharks are distributed in the north ern area, and adult blue sharks occur in southern waters.2,5,17) Another adaptive advantage is that those sharks use a high productive area, such as the transitional domain and the subarctic front, as nursery grounds and get enough energy for growth.12) Pearcy18) reviewed the biolo gy of the transition region located between the subtropical and subarctic waters. He noticed that migrants can utilize the high productivity of the subarctic waters and feed on large nutritious prey, such as gonatid squids, Pacific sau ry, and sardine. 
